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(71) We, KRAFTCO INC fonnerly 
Kraftco Corporation^ a corporation 
organized under the laws of the State of Dela- 
ware, United States of America, of Kraftco 
Court, City of Glcnview, County of Cook, 
State of Illinois, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be sranted to us, 
and the method by whidi it is to be per- 
formed, to be particularly deauibed in and by 
the following statement: — 

The present invention relates generally to 
the manufacture of process cheese. More paiv 
ticulady, the present invention relates to a 
continuous in-line^ method and apparatus 
for cooking process cheese products. 

As used herein, the tcnn "Process cheese 
products" means those products prepared by 
forming a particular blend of one or more 
comminutecl natural cheeses, to which may 
be added various additives such as whey, 
condiments and/or emulsifying salts, heating, 
' melting and mixing the cheese blend to form a 
homogeneous molten mass, following by cool- 
ing and solidification of the molten mass. The 
headng, melting and homogenizing of the 
blend of cheese raw materials to form a 
molten mass is known as "cooking" and the 
apparatus for accomplishing this result is 
laiown as a "cooker". Heating of cheese in a 
cooker to make process cheese products has 
been long known in the art. 

Furthermore, the term "process cheese 
product", refers to those produas which are 
identified according to U.S. Federal standards 
as process cheese, process blended cheese, 
process cheese food, and process cheese spread. 
These products have recognized and estab- 
lished differences in composition, principally 
fat and moisture content, and permissible 
additives. However, all of these products are 
manufactured by a method which includes 
cooking a blend of cheese with certain addi- 
tives, and the method and apparatus described 
herein is particularly adapt^ for the manu- 
faaure of these process cncese products. 

In the manufacture of process cheese pro- 
ducts, one or more natural cheeses of die 



same or different age and/or variety are 
ground or comminuted in a grinder, and are 
blended together in a suitable blender, for 
example a ribbon blender, to provide a uni- 
formly mixed raw material. The blended raw 
material is then introduced into a heating 
and mixing apparatus, Lc., a cooker. 
Emuisifiers and other additive^ when used, 
are introduced into the raw material in the 
blender or the cooker. 

In prior manufacture of process cheese 
products, two forms of cookers have been 
generally known, one being a steam jacketed 
kettle equipped with a mechanical agitator 
and the other being a horizontally extending 
cooker also known as a "lay-down" cooker 
having a screw in the cooker chamber. Live 
steam is injected directly into the chamber 
and raw material at atmospheric pressure 
as the raw material is heated in the cooker 
to a temperature of at least ISO^F., usually 
160°F. to 190OR, and is held at that tem- 
perature for at least 30 seconds, but usually 
for about five minutes, depending in part 
upon the raw material and the desired cheese 
product 

The conventional cheese cookers used in 
the manufacture of process dieese products 
arc essentially inatch-typc cookers in which an 
amount of raw material is introduced into the 
cooter, and heated and agitated to provide a 
homogenized molten mass. The molten mass 
is then intermittently discharged from the 
cooker for appropriate handling. 

The design and operation of the cooker 
is critical in obtaining a good process cheese 
product. Mere heating of the cheese blend 
without proper agitation results in separation 
of the fat, thus failing to provide a satisfactory 
emulsion. Too much agitadon during heat- 
ing results in over-emulsiiication and a process 
cheese product having undesirable body 
characteristics. Also maintenance of the pro- 
cess cheese at the cooking temperatures for an 
extended period of time is undesirable and 
burn-on of the cheese onto the sides of 
cookers has been a problem. 

When the cheese has been cooked to the 
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proems cW prX I SL3Sw? from 'S? fS*"^ "^"^^ ^ '"mention; 

S^S^S^^'ai^pS^rtS^^^^ .^^Surc. 4 is a schematic view of a static 

take any one of a nSr L^^ ^ ^ «»Wng 

ample loaves or ia«. MmL^J^^ of P»«« cheese products. 



ample loaves or jars. Altemativelyr&e moten 
process cheese product may be formed into 
sliCM by distributing the product 3n ^2 
surfece of a cooled rolled ix>tating cfell roU 
Sf^i* 1°'? ^.^^ Jayer which solidifies 
into a sheet which is removed from the chilled 
surface of the roll, cut into strips and sub- 
SMuenily mto slices foUowed by packagine 
of die shced process cheese product 
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In accordance with the preferred embodi- 
ment discbsed herein, process cheese pro- 
ducts are prepared on a continuous in4nc 
basis by introducing a raw material com- 75 
prising a uniform blend of cheese and/or 
a cheese curd with appropriate additives Into 
a pressurized cooking zone maintained at a 
ptMsure above atmospheric pressure. Steam 
Is injeaed directly into the raw material in a kq 



It has been known to contmuously inject Lfii^^ directly mto ihe raw material in a 
steam mto a molten cheese mass for the £ t^ri^^T^"'^A " "J^**^^? «>nd««ed 
pose of pasteurization or sterilizatioi?^ iff mjuSa^K."'^»"^}°? 
ever, die direct injection of st^utfo a ?hi^li$* * 
cheese raw material in a contS svSem B n???*" subjected to shear due to 

has not been used for the purposes S <3S ^ ^^bujence caused by introduction of the 
melting and cooking of A? raw mS^ S "^"^^ 
Heietoforei there has not bSna"LSuv '^'"L"' K l'^ emulsifiction md 

feasible process for continSls S"fficle°» 
uig in the manufacture of proas^ chSe Jml " <*eese blend to 

ducts to provide a molten cKmaS^ * gMerafly suffi- 

the raw mteriaL The^dSSeT S cT ^ introduced to heat the W)lten 

tinuous in-line cooking of cheSeTcomoS ^ * tem,)erature sufficiently high to 

to batd, operations areVeadSy a/paSS^bS .. .. 

from the standpoint of die aioiSt of che^ 
«*ich can be processed in a work day and the 
advantages which can acme tiiioigh im- 
proved control techniques in an in-line process. 

rue present invention provides a mediod 
for cononuous in-line manufacture of process 
cheese compristag the steps of blending pro- 
cess djccse raw materials at ambient tern- 
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cause pasteurization, or sterilization, if such 
ts desired. The condensation of the steam in 
the molten cheese mass also inaeases the 
moisture content of the raw material thus 
aiding in die cooking and emulsifying process. 
The molten cheese mass is delivered from die 
cooking zone to a mixing zone where die 
condensed steam is mixed with the cheese 
and die temperature of the molten cheese 
perature to provide a cdd i5x."TWfe;Z; js equfllbrated. The molten cheese is 

Mifl rnU iransterrmg dehveted from die mixing zone to a coolios 

moUen cSssTm SSTp ^!^^ mmmK as it passes from die higher pressure 
S atTSesSe W tll^J^L'"""* "^^"^ zone into die lower prelsure roohng 
nf mM V . ™* pressure zone causes deacration and cooline of thi 

said h™ sine ^ """^^l ^ booking 

Ao^^JZi" °«^"»« OH* *c method. course, die initial moisture in thrrawl^terid 

m accordance with the present invention; 

Figure 2 is a sectional view of one embodi- 
xnem of a steam infusor suitable for use as 
a cooker in the continuous in-line cooking 
of process cheese produas; 

Figure 3 is an exploded fragmentary sec- 
tional view of the apparatus of Figure 2 



. , . . invenaon. *«v 

raw material, which may include one or more 
aged natural cheeses, short held cheese, and 
current cheese axe comminuted in conven- 
Uonal grmdcrs (not shown) and whey, cream, 
pndmicnts and cmulsifiers, as may be desired 
m tfie final process cheese product, are mixed 
wth ^e comminuted cheese in a blender 11. 
Tne blender 11 may be of any conventional 
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type adapted to mix ^^Biaterials for process 
cheese products. Ge^^y, tbe blender 11 is 
a ribbon blender and is utilized to provide a 
. uniformly mixed raw material mass for 
utilization in the method of the invention. 
In Figure 1, a single blender is illustrated, but 
it is to be understood that any number 
of blenders may be utilized to provide a raw 
material in proper condition for cooking. In 
a preferred embodiment of the invention at 
least two blendcR are utilized which alter- 
nately feed raw material to the in-line cook- 
ing system of the invention. 

The blended raw material is delivered 
from the blender 11 to an auger 13. The 
auger 13 is supported on a shaft 15 driven 
by a suitable motor 17 to provide a positive 
supply of raw material from die blender 11 to 
a pump 19. Other suitable means for posi- 
tively moving the raw material from the 
blender 11 to the pump 19 may be utilized^ 
and it is also possible to eliminate the auger 
13 and to feed the pump 19 direcdy from the 
blender IL However, in so doing, there is risk 
of surging in the feed supply to the pump 
which may result in uneven movement of the 
raw material through the in-line cooking sys- 
tem of the invention. 

Tbe raw material is delivered tram the 
blender 11 by means of the auger 13 to a 
feed pump 19. The feed pump 19 may be of 
any design capable of pumping the material 
dirough conduit 21 into a steam infusor 23 
which is operated at a pressure above atmos- 
pheric pressure and thus above the pressure 
within the blender 11 which is open to the 
atmosphere. A preferred form of feed pump 
19 is a positive displacemnt pump utiUzing 
lobe rotors. Such pumps are of conventional 
design and variety and are selected based upon 
die particular needs and capacities of the 
system. A check valve (not shown) may be 
provided in the conduit 21 between the pump 
19 and the steam infusor 23 to prevent back 
flow of product from the infusor 23. 

The steam infusor 23 receives steam from 
a suitable source through a line 26 and a 
control valve 27. 

A preferred design of the steam infusor 23 
is disclosed in detail hereinafter. The steam is 
injected into and condensed in the raw 
material in a region of confined turbulence 
in order to heat the raw mateiial to form a 
molten mass and to effect partial mixing of 
the condensed steam with the raw material 
and partial homogenization and emulsification 
of the molten cheese mass> as hereinbefore 
pointed out. A temperature sensing device 29 
is provided which may be utilized with a 
conventional control system 31 to mom'tor the 
amount of steam through the control valve 
27. 

From the infusor 23 the molten mass is 
delivered dirough conduit 33 to a mixing zone 
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whidi includes a static 
strainer 37 in the conduit 3^ . 

The static mixer 35 (as best seen in Figure 
4) is a fixed in-line mixer having no mov- 
ing parts. The static mixer is a series of fixed, 
helical elements 39 enclosed within a tubular 
housing 41. The molten mass divides at the 
leading edge of each element At each succeed- 
ing clement a further division occurs result- 
ing in a exponential increase in stratifica- 
tion. The number of striations produced is 
2» where n is the number of elements. It has 
been found ±at a static mixer having a hous- 
ing inside diameter of L5 to 3 inches and 
having 6 units is suitable for the range of flow 
rates contemplated by the in-line cooker sys- 
tem of the invention. However, odier sizes 
with different numbers of elements are 
equally suitable. Also, odier types of in-line 
mixers which produce equivalent mixing can 
be used. The strainer 37 may be a plate or 
a series of plates provided with holes through 
which the molten mass is forced. A preferred 
type ot stramer is one or more cylinders 
located in conduit 33. Each of the cylinders 
contains a number of holes surrounded by 
a wire mesh. The molten cheese mass flows 
first through the wire mesh then through die 
holes into die interior of die cylinder. 

The static mixer is required to finish mix- 
ing the condensed steam with the molten 
mass. The strainer plate or plates are used 
to provide undesired lumps of material fiom 
the infusor 23 from proceeding through the 
process. 

The molten mass is then passed through a 
pressure controlled valve 43 into a cooling 
tank 45 maintained at a pressure lower than 
me pressure in die steam infusor 23 and con- 
duit 33. The cooling tank 45 is desirably 
under vacuum and is connected by a conduit 
47 to a condenser 49 which functions in pro- 
viding a vacuum for the cooh'ng tank. In diis 
connection and as shown in the apparatus 
dlustrated in the flow diagram of Figure 1, die 
condenser 49 includes a cylindrical column 51 
connected to a source of vacuum 53 through 
line 55. The vacuum in column 51 is main- 
tained at the desired level by the means of 
a vacuum control circuit which may be of 
conventional design and includes a sensor 57 
located in die tank 45 and a vacuum cwi- 
troller 59 which controls a valve 61 in die 
vacuum line 55, Cooled water is introduced 
into die column 51 dirough an inlet 63 and is 
wdidrawn through an outiet 65 by means 
of pum> 67. The cooled water condenses 
steam^ from the tank 45 and dius aids in 
establishing a lower pressure in die tank. 

When the molten mass is delivered through 
die valve 43 into the cooling tank 45 at a 
lower pressure, preferably a vacuum, it is 
passed from a zone of relatively high pres- 
sure, generally above atmospheric pressure, 
mto a zone of reduced pressure wbica is pre- 
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ferabiy a vacuuii^QPe mH reduction in 
pressure causes deaeradon of the molten mass 
and also , causes a portion of the water con- 
tained in the molten mass to be vaporized, 
thereby reducing the temperature of the 
molten mass. The pressure controlled valve 
43 is operated by a pressure controller 44 
to maintain a pressure in the range of from 
about 5 to about 60 psig. 

The molten mass is collected at the bottom 
ct the cooling tank 45> which is desirably 
conically shaped. The molten mass is dis- 
charged to a product discharge pump 69. The 
cooling tank may be provided with an agitator 
or auger (not shown) to facilitate discharge 
of the molten cheese mass. The pump 69, 
which may be of conventional design and may 
be generally similar to pump 19, provides for 
discharge of the process cheese product 
through conduit 71 to a suitable stadon (not 



flavors, coloring agents aHTwet mixer com~ 
prising whey solids, milk and water, can also 
be added to the blender or at a point down* 
stream of the blender. 

The continuous in-line cooking process has 
further advantages in that the flow through 
the system may be regulated to provide a 
desirol volume of process cheese product per 
unit of dme. For example, the process illus- 
trated in Figure 1 may be controlled to pro- 
vide between about 20 and about 400 pounds 
per minute of process cheese produa by con- 
trolling the speed of the pump 69 and the 
raw material pump 19 in correlation with the 
volume of steam being injeaed into the 
infusor 23 and the size of steam infusor 23. 

The amount of steam introduced into 
infusor 23 is dependent upon the temperature 
required for cooking. Generally, it is desir- 
able to heat the raw material to above 



showm) for pacfa^ Pasteurization temperatures, for example, 

i!.5?!l?"?PJ?^l^. "^^S above 165«F, and in some instiices up to 



stations may be used and that the product 
may be formed into loaves, packaged in jars, 
or delivered to a chill roll for the manuifacture 
of sUoes. 

The cooling tank 45 may also be utilized 
as a holding tank for the process cheese pro- 
duct and in this connection it may be utilized 
as a storage device when changing from one 
filling unit to another or if there is a mecha- 
nical breakdown at the filling station. It is 
contemplated that the cooling t^ 45 may 
also be provided widi suitable level control 
indicators and level controls, (not shown) 
which^ in turn control the introducuon of raw 
material into the infusor 23 based upon the 
level of cooked cheese produa in the cooling 
tank. Thus, overfall control between input d 
raw material and output of the process cheese 
product can be maintained. 

The continuous in-line cooking process des- 
cribed herein and as illustrated m Figure 1 
has decided advantage in the manufacture of 
process cheese products. The raw material 
may be selected and prepared in a conven- 
tional manner and it is contemplated that the 
emulsifier salts, for example, disodium phos- 
phate and sodium citrate, or mixtures diereof 
may be added in the blender 11, Alternatively, 
the emulsifier salts may be dissolved and the 
emulsifier salt solution may be added at a 
point downstream from die blender 11. In this 
connection the emulsified salt solution may 
be conveniendy added at the pump 19 by 
introducipg the emulsifier salts into the suc- 
tion side of the pump or may be pumped 
into conduit 33 between steam infusor 23 
and static mixer 35. It has been found that 
mtroduction of a solution of the emulsifier 
salts has a dedded advantage in that the 
amount of emulsifier may be reduced by as 
much as one half. Also, a more flexible variety 
of process cheese products may be manufac- 
tured. Odier ingredients such as condiments, 



« — -^.-.w^Aww »^ 

temperatures which ensure sterilization, for 
example 275— 300^F. The temperatuie of 
the raw material flowing through the infusor 
23 is measured by the temperamre sensors 
29 whidi in turn control by means of the 
control system 31 the flow ($ steam through 
the steam valve 27. The steam may be sup- 
plied at any desirable pressure, for example, 
between about SO and 200 psig., preferably 
between about 75 and 150 psig. The steam 
may be samratcd or super-heated. Generally, 
the use of saturated steam has been found 
to be satisfactory. The quality of the steam is 
considered in determining the amount of 
water which is added to the raw materiaL 

Process cheese products generally have 
moisture in the range of 40—70 percent by 
weight. The lowest moisture products being 
identified as process cheese and the highest 
moisture products being identified as a 
cheese sauce. In general, die higher the 
moisture content, the higher the temperature 
that can be used during cooking. Higher tem- 
peratures are desirable to permit pasteuriza- 
tion or sterilization at shorter hold times. 
However, it has been heretofore necessary to 
carefully control the addition of water and to 
m inimiz e the addition of water during cook- 
ing since water could not be removed after 
cooking. In accordance with the present in- 
vention, excess water may be added to the 
raw material during cooking and horaogem'za- 
tion, which is generally desirable, and the 
excess is removed during cooling in the tank 
45. It is emphasized that an important advan- 
tage of the process of the invention is the 
ability to use excess moisture during cooking 
with removal of the excess in the process. 

In order to provide for proper heating and 
moisture removal during cooling of die pro- 
duct, the product in the infusor 23 and the 
conduit 33 is maintained at a pressure above 
atmospheric It has been found that pressures 
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between about 4 pj^nd about 100 psig. 
are suitable. Prefe^H pressures between 
about 4 psig. and 80*p!l^ are used. 

The difference between the pressure of 
me produa in the infusor 23 and the conduit 
33 and the pressure in the cooling tank 45 
IS controUed to provide a desired cooling 
of die product and also to provide for re- 
moval of excess water with deaeration of die 
product. In dus connecUon, an absolute pres- 
sure of from about 7 to about 29 inches of 
mercury, in the condenser 51 and the cool- 
ing tank 45 has been found to be desirable 
when the process cheese product is cooled to 
between 150°? and 210<'F. Odier suitable 
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material into the appara|^K( 
for discharging the noolt^^^i 



id an outiet 75 

_yv \—9r"^"r «5S. Referring to 

Rgure 1, the irJet 73 is connected through 
a conduit 21 to die pump 19. The oudet 
75 IS connected to the static mixer 35 bv 
conduit 33. 

A steam injector, identified generally by 
numeral 77 is conneaed to the housing 71 
by means of a suitable coupling 79. The 
steain injector 77 projects into the housing 
7L As seen in Figure 2, die steam injector 
77 IS a length of conduit having a plurality 
of Steam injection holes 83 for direct injec- 
uon of steam in die flow of raw materials 
passing from inlet 73 to oudet 75. The dia- 



pressures may be maintained ^i &e (ioUne SVT/^Irt' .^".^^^ The dia- 

may be ud ized in the steam mfncnr 9^ ^ j- t,enerai, the holes 83 should 
™. ctaracttmto ia 4. p™«s ch«K pM- It to been <Uttm,i«l to proper 



binadon widi die static mixer illustrated in 
Figure 4 has been found to be particularly 
desirable in that it provides desired mixing of 
steam widi die raw material and uniform 
heating of the raw material in an in-Lne pro- 
cess. Heretofore, it has been difficult to obtain 
unifonn heating and emulsification of the raw 
material in an in-line cooking process due 
to the fact that die addition of heat by dir^ 
steam injection or indirect heating to the raw 
material under in-line condidons resulted in 
poor heat distribution over too long a period 
of time with fat separation and undesired 
body and texture. However, in accordance 
widi the present invention, the steam infusor 
23 m combination with the mixing zone in- 
cluding die static mixer 35 and die strainer 
37 and a cooling 2one provides a convenient, 
economical, and higWy satisfactory apparatus 
for cooking raw material to provide a pro- 
cess cheese product having desired body and 
texture and widiout fat separation. 

The steam infusor 23 includes a housing 
71 which is in the illustrated embodiment, 
generaUy cyh'ndrical. The housing 71 is pro- 
vided with an inlet 73 for receiving die raw 



formal by die housing 71 and steam injeaor 
77, the number of holes 83 and die distance 
between the outer diameter of the conduit 81 
and the inner diameter of die housing 71, In 
general, as the flow rate is increased each of 
die odier parameters is also increased. How- 
ever, eadi of the faaors has a limit beyond 
which suitable operation of die in-Une cooking 
system cannot be maintained. In general, the 
flow rate can be from about 20 to about 400 
pounds per minute, the efFective lengdi of 
the steam injector can be between 10 and 40 
inches, die area of the annulus can be between 
about 0.75 and about 6 square inches, the 
number of holes can be between about 50 and 
about 600 and the distance between die out- 
side diameter of steam injector 77 and the 
inside diameter of the housing 71 can be from 
about 0,25 to about 1 inch. It should be 
understood that lower numbers of each range 
are associated widi die lowest flow rates; the 
highest numbers widi the highest flow rates 
and intermediate numbeis widi intermediate 
flow rates. Representative conditions for three 
different flow rates are set forth below m 
Table I. 
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■ TABLE I 

Flow rate/pouni?s per 'minute 
Effective length of steam conduit (inches) 
No. of holes 
Size of holes (indies) 
Housing (Inside Diameter) (inches) 
Steam Conduit (Outside Diameter) 
(inches) 

Area of Annulus (Square Inches) 
Distance Between Housing ID and Injector 
OD (inches) 



50 


100 


200 


12 


16 


•!« 


100 


198 


Ann 


.031 


.031 


.031 


1.37 


1.87 


2.87 


.75 


1 


1.5 


1.031 


1.960 


4.70 




.435 




.31 




.685 



In the manufacture of process cheese pro- 
ducts in a continuous inrline cooking operatioRi 
it has been found that the intr^uction of 
the steam into the raw materials in a con* 
fined region has particularly desirable result. 
The raw material first enters the steam infusor 
23 throu^jh the inlet 73 and passes through 
the infusor to the outlet 75 in a relatively 
short period of time, ie., from about 0.5 
seconds to about 5 seconds. As a result of 
the short period of time during which the 
raw material is subjected to steata heating, 
higher product temperatures can be used, ie., 
from about 170^F. to about 300°F. 

The steam issuing from the hdes 83 is 
injected into the raw material within a con- 
fined region whereh the high velocity of the 
steam causes increased turbulence and mixing 
of the steam widi the raw materials. As the 
steam is mixed with the raw material, the raw 
material becomes heated and melted and at 
the same time the steam is condensed. Fur- 
ther mixing of the caidcnscd steam and 
emulsificadon of the product is accomplished 
by passing the mixture of condensed steam 
and the molten mass of raw material tfatougb 
static mixer 35 and strainer 37. 

EXAMPLE 

In accordance with this example, process 
cheese was manufactured in a continuous in- 
line cooking process utilizing the apparatus 
disdosed herem, 

A cheese blend was used which included 
about 40 percent current cheddar type cheese^ 
30 percent cheddar type cheese aged 3—5 
months, and about 30 percent of other cheese 
including swiss cheese and rework^ each of the 
cheeses having been ground in a conventional 
cheese mill The dieese blend also included 
1.5 percent by weight of a phosphate emulsi- 
fier. Tbt components of die cheese blend were 
introduced into a ribbon blender 11 and 
mixed to provide a homogeneous raw material. 
The raw material had a moisture content of 
about 4M percent by weight and was at a 
temperature of about 7S°F. 

The raw material was deUvered from the 
blender 11 to an auger 13. The auger 13 was 
used to feed the raw material into a positive 
displacement pump 19. The feed pump was 
adjusted to introduce the raw material into 
the steam infusor 23 at a rate of about 100 



pounds per niinute. The steam infusor 23 
which was of the type described above and 
illustrated in the drawings, had dimensions 
as described in Table I for a 100 pound per 
mmute flow rate. The steam infusor was fed 
by a LS inch steam line. 

The positive displacement pump 19 forced 
the raw material tlirough the annular region 
of the steam infusor 23 while steam was 
injected into the cheese mass. Saturated 
steam at a pressure of 90 psig was used. The 
pressure in the steam infusor 23 was about 
20 psig. The steam was condensed in the 
infusor 23 and provided a heated, fluid, molten 
mass. The molten mass issuing from the 
steam infusor 23 had a moisture content of 
about 45.5 percent by weight and a tem- 
perature of about 190°F. 

From the steam infusor 23 the molten mass 
was passed by conduit 33 through static mixer 
35 and strainer 37 and was delivered into the 
cooling tank 45 througji a valve 43. Static 
mixer 35 had an Inside diameter of 2i inch 
and contained 6 dements. The pressure in 
conduit 33 just prior to valve 43 was about 
5 psig. 

The cooling tank 45 was maintained at a 
pressure of about 12—13 inches of mercury 
absolute by means of a vacuum condenser 49. 
Expansion of the molten mass through the 
valve 43 caused a reduction in the tempera- 
ture of the dieese product to about 165*>F. In 
addition, the expansion deaerated the molten 
mass and reduced its moisture content to 
about 44-6 percent by weight. The cooling 
tank 45 was discharged into a positive dis- 
placement pump 69 which fed to a filling 
station. 

The process dieese product prepared in 
accordance with this example was found to 
have good body and texture and a typical 
cheddar type process cheese flavor. 

WHAT WE CLAIM IS :— 

1. A method for continuous in-line manu- 
facture of process cheese comprising the steps 
of blending process cheese materials at ambient 
temperature to provide a coM mix, trans- 
femng said cold mix through a heating zone 
and a mixing zone to provide a homogeneous 
molten cheese mass and thereafter trans- 
ferring said molten cheese mass into a cham- 
ber maintained at a pressure lower than die 
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pressure in said mo^kheese mass in .said 
mixing 2one so as toHHaeaerate and reduce 
die moisture contedt^i said molten cheese 
mass, said heating zone comprising a steam 
injection conduit located wi&ln a housing, 
said cold mix passing between said conduit 
and said housing. 

2. A method in accordance with Qaim 1 
wherein said molten cheese mass is at a tem- 
perature of from 165°F to SOO^F after leaving 
said mixing zone. 

3. A method in accordance with Qaim 
1 or 2 wherein said cheese mass is cooled 
to a tcmperamre of from 150°F to 210''F 
in said chamber. 

4. A method in accordance with any pre* 
ceding Qaim wherein said mixing zone com- 
prises a static mixer and a strainer. 

5. A method in accordance with any pre- 
ceding Qaim wherein a valve is located be- 
tween said minxing zone and said chamber 
and said valve is controlled to establish a 
pressure on said molten cheese mass of from 
4 10 10 psig. 

6. A method in accordance with any pre* 
ceding Qaim wherein said cold mix is trans- 
ferred ac a rate of fram 20 to 400 pounds per 
minute. 

7. An in-line system for continuous cook- 
ing of process cheese, said system compris- 
ing at least one blender for blending process 
cheese materials at ambient temperature, a 
positive displacement pump in communica- 



s^^injection heat- 
ommHHtion with said 



tion .widi said blender, 

ing means in fluid con _ 

pump and comprising a steam injection con- 
duit located within a housing, the process 
cheese materials passing between said con- 
duit and said housing, mixing means in fluid 
communication with said steam injection 
means, strainer means in fluid communication 
with said mixer means, a chamber for receiv- 
ing molten cheese from said strainer means 
and a valve interposed between said strainer 
means and said chamber, said valve being 
controlled by a pressure controller so as to 
maintain a pressure difEerendal between said 
strainer means and said chamber whereby the 
pressure in said chamber is lower than the 
pressure in said strainer means. 

8. A method according to claim 1, sub- 
stantially as described herein In the Example 
or with reference to the accompanying 
drawings. 

9. A system according to claim 7, substan- 
ually as described herein with reference to 
and as illustrated in the accompanying draw^ 
ings. 

10. Qieese manufactured by a method 
according to any of chums 1 to 6 and 8. 

MARKS & CLERK, 
Qiartered Patent Agents, 
57—60, Lincolns Inn Fields, 

Loudon, WC2A 3LS, 
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